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CEREIROSPINAL FLUID CALCIUM, MAGNESIUM, AND THEIR RATIO IN
PSYCHOSES OF ORGANIC AND FUNCTIONAL ORIGIN
The very narrow limits within which the levels of cerebrospinal fluid
(CSF) calcium, magnesium, and their ratio, are maintained have been re-
ported from this laboratory.8 The data obtained from patients without signs
of neurological condition or psychosis are in good agreement with the re-
sults obtained by Stutzman and Amatusio.1' CSF calcium is at 4.95 mg.%4±
0.11, magnesium at 3.01 mg.% ±- 0.03, and their ratio is 1.64 + 0.03.
During the course of the previous investigation it was observed that CSF
calcium, magnesium, and their ratio from some patients with certain types
of mental diseases showed marked deviation from the levels obtained in the
study of non-psychotic patients.t It was decided to make a study of CSF
divalent ions in patients with various types of functional and organic mental
diseases. The present paper reports the results and suggests a possible
explanation.
EXPERIMENTAL
Fifty-three patients were selected representing a variety of psychotic reactions of
so-called functional and organic origin. The functional group included 18 cases of
psychosis associated with marked confusion, depressive features, recurrent excitement,
and psychomotor agitation. Thirty-five patients were selected with psychosis associated
with organic central nervous system (CNS) disease, classified in such categories as
the degenerative, inflammatory, and demyelinizing diseases. One case of psychosis with
Cushing's syndrome and two cases of psychosis with hypopituitarism were also in-
cluded. Whole blood and CSF were obtained at the same time from these patients in
a fasting state. In four cases of psychosis with metabolic disturbance, adrenocortico-
trophic hormone, (ACTH), was administered eight days later, and CSF and blood
calcium and magnesium determinations were repeated. In four cases of luetic encepha-
litis the same procedure was followed after routine intensive treatment with penicillin.
Calcium and magnesium levels were determined on all specimens by the ethylene-
diaminetetraacetate method previously described.'
* Biochemist, Clinical and Neuropathology Laboratory.
t Pathologist, Director of Laboratories.
: Since there is some question as to whether values obtained from patients in mental
institutions, regardless of mental conditions, can be considered normal, we shall refer
to the findings in our previous paper as values obtained from non-psychotic patients,
abbreviated as NPP values.
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TABLE 1. PSYCHOSIS WITH ORGANIC DISEASE
C.S.F.
Case Ca Mg Ca++/
no. mg.% mg.% Mg++
Blood serum
Ca Mg Ca++/
mg.% mg.% Mg++
Degenerative
Huntington's chorea
Demyelinizing
Multiple sclerosis
Alzheimer
Subacute combined
degeneration
1 8.1 2.1 3.8
2 5.0 3.0 1.68
3 5.6 3.5 1.60
4 8.1 3.7 2.19
5 6.7 2.9 2.31
6 8.1 2.4 3.37
7 6.4 3.0 2.13
8 10.0 1.3 7.69
9 5.6 2.1 2.67
10 5.2 2.8 1.86
11 5.8 1.4 4.14
12 5.8 1.4 4.14
13 5.6 2.0 2.80
14.6 1.5
13.1 2.1
11.6 2.2
10.6 2.8
11.3 2.6
11.5 1.1
12.4 1.9
9.72
6.24
5.27
3.78
4.34
10.4
6.5
9.0 2.2 3.21
11.0 1.0 11.0
10.2 3.0 3.4
Inflammatory
Luetic encephalitis 14
14a
15
16
17
18
18a
19
19a
20
21
22
23
23a
24
25
26
27
28
29
5.4 3.5 1.54
5.2 3.1 1.68
5.2 2.8 1.85
5.0 2.9 1.73
5.0 2.5 2.00
5.6 2.7 2.07
4.7 2.5 1.87
5.6 2.7 2.07
5.0 2.7 1.84
5.8 1.6 3.71
4.9 2.9 1.69
5.8 2.8 2.07
5.4 2.0 2.70
4.9 2.8 1.73
5.0 2.8 1.80
5.2 2.1 2.47
5.2 2.2 2.36
5.2 2.3 2.26
4.8 2.8 1.72
5.0 2.9 1.72
11.2 3.6 3.11
11.4 3.9
9.8 0.5
12.4 3.9
3.15
19.5
3.18
12.0 3.6 3.33
10.6 1.5 7.06
10.8 1.2 9.00
10.2 1.1 9.27
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C.S.F.
Encephalitis and
post-encephalitis
Case Ca Mg Ca++/ Ca Mg Ca++/
no. mg.% mg.% Mg++ mg.% mg.% Mg++
30 6.0 2.6 2.30
31 4.2 4.1 1.03 11.8 3.9 2.97
32 4.8 2.9 1.66 11.6 4.1 2.82
33 4.8 3.0 1.60
34 7.8 0.0 9.2 1.6 5.75
Psychosis of functional origin
Psychomotor agitation 35
36
37
38
39
40
Depression
6.0 2.0 3.00
6.8 1.4 4.10
5.6 2.5 2.24
5.4 2.1 2.58
5.6 2.1 2.68
5.2 1.9 2.68
41 6.4 1.8 3.42
42 5.2 2.6 2.00
Marked confusion and 43
excitement 44
45
46
47
48
4.6 2.5 1.88
5.6 3.1 1.80
5.6 2.2 2.51
5.4 2.8 1.94
2.6 3.8 0.68
6.2 2.1 2.90
Metabolic
Cushing's disease
Hypopituitarism
Neurofibromatosis
Endocrine disturbance
49 10.4 0.0
49a 5.6 3.3 1.69
50 6.4 2.1 3.00
50a 6.8 3.5 1.20
51 6.0 2.8 2.14
51a 6.0 2.2 2.81
5? 6.0 1.9 3.20
53 10.0 0.0
53a 6.0 2.1 2.80
9.6 3.7 2.59
5.6 2.9 1.90
11.2 5.1 2.60
11.2 0.8 16.00
11.2 3.8 3.00
12.0 0.5 24.00
9.2 4.5 2.07
RESULTS
In a series of 53 cases, selected according to the various diagnosed cate-
gories as stated above, the following results were obtained:
(a) In general, where CSF calcium levels were above NPP values, CSF
magnesium was below NPP values (Table 1).
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(b) Variations in CSF calcium and magnesium were independent of the
levels of serum calcium and magnesium (Table 1).
(c) In only three cases was the Ca++/Mg++ ratio within limits of NPP
values (Cases No. 4, 16, and 20) (Table 1).
(d) In two cases administration of ACTH was accompanied by lowered
CSF calcium and magnesium with the ratio tending toward NPP
values.
(e) The administration of penicillin was paralleled by similar changes in
CSF calcium and magnesium and their ratio in four cases.
DISCUSSION
Statistical analysis of the data presented in a previous investigation estab-
lishing NPP values for CSF calcium, magnesium, and their ratio8 shows
the extremely narrow range in which these metabolites are maintained (Fig.
1). Slight increases or decreases in CSF calcium are accompanied by con-
comitant changes in magnesium but always within the narrow range (Fig.
1).
In striking contrast is the analysis of the data obtained in the present in-
vestigation. In general, CSF calcium is found to be increased above NPP
levels while CSF magnesium is below, and as calcium levels rise, magnesium
levels fall. The Ca++/Mg++ ratio is always abnormal (Fig. 1). These
changes are independent of the levels of serum calcium and magnesium. It
is our hypothesis that the CSF variations are due to alterations in the per-
meability of the blood-brain barrier, (BBB), and the deviation of the Ca++/
Mg++ ratio is an indicator of permeability change.
The anatomical location of the BBB has been designated by various in-
vestigators as the endothelium of the cerebral blood vessels,' the "sucker-
foot" processes of astrocytes attached to vessel walls,2 and the intercellular
ground substance elaborated and maintained by the neurones and neu-
roglia.10 However, the functional existence of the BBB has been proven by
numerous investigations. Thus, magnesium, chloride, and sodium are nor-
mally maintained at a higher level in the CSF than in the blood, while pro-
tein, calcium, cholesterol, inorganic phosphate, glucose, and many other
metabolites are maintained at a lower level in CSF than in the blood or are
absent altogether.9"' Many explanations for the existence of the barrier have
been proposed but the best one is probably that of Tschirgi. He has traced
the development of this barrier phylogenetically and concludes that it repre-
sents a mechanism producing a peculiarity in the exchange of solutes and
other substances between the plasma and the intercellular fluids of the
central nervous system, and since the CNS coordinates and integrates the
activity of the organism with respect to its internal and external environ-
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ment, it must have a highly stable local environment to be immune from
disastrous shifts of blood-solutes."6
Bakay' in experiments with radioactive phosphorus, Haugaard,9 using
isotopically tagged insulin, Fishman,' using radioactive iodinated albumin,
10
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FIG. 1. Variations of mean C against Mg in C.S.F. Dotted line indicates normal
range. Continuous line indicates plotted values from Table 1. Numbers represent
frequency of cases falling within indicated ranges.
and Hunter,"' using injected bromide, have demonstrated the high resistance
or impermeability of the BBB.
Eichorn et al.,8 have devised a test using salicylic acid to study the per-
meability of the BBB. When salicylic acid was given orally to normal
healthy patients the ratio of salicylate in blood and CSF was 5.9-7.2 (per-
meability quotient, P.Q.). This test was applied to 39 patients suffering
from psychosis with functional and organic etiology.6 In 36 of these patients
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the P.Q. was above (max. 11.33), or below (min. 4.1), the normal range
of 5.9-7.2. There was no correlation between the salicylate excreted and
the concentration in the blood serum and CSF. On the other hand, it has
been found that the parenteral administration of streptomycin did. not reach
inhibitory levels in the CSF. However, simultaneous administration with
hyaluronidase led to the passage of these antibiotics into the CSF and
histamine increased the action of hyaluronidase while calcium chloride in-
hibited the synergistic action of histamine.'8 Similarly, acetylcholine shock
renders the BBB permeable to electro-positive dyes but not to electro-
negative ones.' In patients with various mental diseases, these findings
are in good support of our contention that the deviation of the Ca++/
Mg++ ratio from NPP values is due, at least in part, to an alteration of
the permeability of the BBB. It has been stated that it is probable that the
BBB serves a homeostatic function and that impairment of this function
would render the CNS peculiarly vulnerable (to toxins, or abnormal
metabolites), with the possibility that many neurological diseases and dys-
functions are reflections of such impairment."
There is also evidence that abnormal Ca++/Mg++ ratios are transitory
and reversible. In case No. 49 of this series, one of psychosis associated
with Cushing's syndrome, the calcium of the CSF was very high at 10.4
mg.% while no magesium could be demonstrated. Serum calcium and mag-
nesium were within normal limits. Eight days later, after administration of
ACTH (No. 49a), CSF calcium approached NPP values, the magnesium
was within the limits of NPP values, and a Ca++/Mg++ ratio was obtained
in agreement with NPP values.
In case No. 50, diagnosed as psychosis with hypopituitarism, the CSF
Ca++/Mg++ ratio was found to be 3.00, due to lowered magnesium and
increased calcium. After ACTH treatment the ratio dropped to 2.60, but
there was a further increase in the CSF calcium with an increase in mag-
nesium. Serum calcium and magnesium were within normal limits.
Case No. 53 showed essentially the same picture as No. 49, high CSF
calcium and no magnesium. Again, after the administration of ACTH, CSF
calcium fell toward NPP levels and magnesium appeared approaching NPP
values. The Ca++/Mg++ ratio was still abnormal.
In four cases of luetic meningo-encephalitis (No. 14, 14a; 18, 18a; 19,
19a; 23, 23a;), there was the usual deviation of the Ca++/Mg++ ratio in
the CSF, but after routine intensive penicillin treatment the ratio showed a
return toward NPP values.
It is suggested that such substances as various toxins, normal or modified
hormones, and abnormal metabolites may be able to alter the permeability
of the BBB either specifically to particular metabolites or to metabolites in
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general. The resulting upset of homeostasis in the intercellular fluids of the
CSF could be manifested as neurological disease and dysfunction. CSF
Ca++/Mg++ ratio is an index of this change and may be of value as a
diagnostic and prognostic aid. It is possible that the psychosis producing
drugs such as mescaline, d-lysergic acid, and others, may be able to act in
a similar manner. Investigation of these drugs from this aspect is being
planned.
The effects of calcium and magnesium as activators and inhibitors of
enzyme systems at the level of the neurons and nerve fibers cannot be
ignored, but it is felt that the results of the present investigation are better
explained in terms of the BBB.
SUMMARY
In patients with varied functional and organic psychosis, cerebrospinal
fluid calcium, magnesium, and their ratio deviate markedly from the values
established in our study of non-psychotic patients.
These deviations indicate abnormal changes in the permeability of the
blood-brain barrier, which may be due to the effects of toxins, normal or
modified hormones, and abnormal metabolites.
Permeability changes in the blood-brain barrier are transitory and
reversible.
Cerebrospinal fluid Ca++/Mg++ ratio can be of diagnostic and prognos-
tic value.
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